Introduction
It has been nearly two decades since the first participants were recruited into a large epidemiological study demonstrating that ''adverse childhood experiences'' (ACEs) are strongly associated with lifetime risk of key diseases and social pathologies (Felitti et al., 1998) . Participants in the original ACEs study were queried about their experience with physical, sexual, and emotional abuse; physical and emotional neglect; whether the mother was treated violently; household substance abuse; household mental illness; parental separation or divorce; and whether a household member had been incarcerated. We now know that the list of hazards to development is much longer than the ten that were queried in the ACEs study. For the sake of convenience, we can broadly divide risk factors into two categories: biological risks and psychosocial risks. Examples of the former might include infection or malnutrition; examples of the latter might include parental mental illness or substance use. As my colleagues and I Jensen et al., 2017) and others (Danese et al., 2009; Flaherty et al., 2013; Giovanelli et al., 2016; Liu et al., 2013) have recently discussed, these psychosocial hazards have been strongly associated with poorer physical and mental health outcomes, including type 2 diabetes, obesity, heart disease, depression, anxiety, addiction, cancers, obstructive lung disease, liver disease, and higher rates of school dropout, divorce, and unemployment. Figure 1 . Patterns of Brain Electrical Activity among Currently, Previously, and Never-Institutionalized Children (A) Scalp topography of alpha power demonstrating the timing effects for care-as-usual group (CAUG), foster care group placed after 24 months (>24mo FCG), foster care group placed before 24 months (<24mo FCG), and the never-institutionalized (NIG) group. (B) Mean alpha power across the sites for each group (p < 0.05; p < 0.005). Reproduced from Vanderwert et al. (2010) . Timing of intervention affects brain electrical activity in children exposed to severe psychosocial neglect.
In the sections below, I describe in more detail how each class of hazard impacts development. I focus in particular on how advances in neuroscience have begun to shed light on the mechanisms by which early adversity becomes ''biologically embedded'' to disrupt the course of development.
Hazards to Development
There are numerous biological and psychosocial hazards that can hinder healthy development (Bhutta et al., 2017; Black et al., 2017; John et al., 2017) . Perinatal biological hazards include premature birth, low birth weight, being born small for gestational age, or experiencing a range of birth complications (e.g., hypoxic-ischemic injury), among others. Postnatal biological hazards might include malnutrition caused by macro-and micronutrient deficiency or by chronic enteric illnesses, such as chronic diarrhea and exposure to a range of infectious diseases, including viral and parasitic infections. Whereas in high-resource countries, the burden of disease has been markedly reduced, as has the incidence of prematurity, that is not the case in many lowresource settings. Moreover, these risk factors often work synergistically; thus, a baby born 2 months early may also be malnourished and experience a range of intestinal illnesses.
In contrast to biological hazards, psychosocial adversity in childhood can be conceptualized as negative experiences relating to a child's psychosocial environment (e.g., caregiving) that elevate the risk of poorer health and social outcomes over the life course. There is now substantial literature suggesting that early human development is embedded within and shaped by the quality of human relationships. Importantly, the foundation of healthy adult relationships rests on the formation of healthy infant/child relationships. If these early relationships are negatively impacted, development across multiple domains can be compromised. This has been demonstrated in both animal models (e.g., Meaney, 2001 ) and in humans (e.g., Lally and Mangione, 2017) .
It is worth noting that both biological and psychosocial hazards are often intertwined, making it difficult to tease apart specific effects; for example, a child who has chronic diarrhea may feel unwell and elicit different caregiving than a child who is healthy and robust. Thus, if the child's underlying enteric illness is treated, is the improvement in outcome due to a return to robust health or an improvement in caregiver quality (or more likely, the interaction of the two)? In addition, children are rarely exposed to only one hazard. This, in turn, has given life to the notion of ''cumulative risk.'' Indeed, the overarching message from the ACEs study is that it is the number of adverse life events one is exposed to that carries the greatest burden on development rather than any specific type of adversity. Finally, it is important to note that the timing of exposure to any form of adversity can powerfully influence the impact on biological systems like the brain. For example, iron deficiency during the first months of life can lead to permanent, albeit subtle, deficits in behavior (Lozoff et al., 1991) ; similarly, lack of adequate caregiving in the first 1-2 years of life can fundamentally alter the landscape of adult relationships (Zeanah et al., 2005) . In both cases, the neural systems that are forming during the time of exposure are presumably altered, leading to unique behavioral phenotypes.
Conceptualizing
Biological Embedding ''Biological embedding'' may be conceptualized as the mechanistic process by which experience gets ''under the skin'' to produce stable alterations in human biology that in turn influence health and development. Derived in part from a population health perspective, the concept of biological embedding was developed to help explain social gradients in health. It highlights several ways in which transient change may become permanent and unyielding. These include ''latent effects,'' in which exposures during sensitive periods of development alter emergent physiological systems; ''pathway effects,'' in which adversity alters subsequent life trajectories and increases exposure to later risks; and ''cumulative effects,'' by which exposure to multiple adversities early in life elevates the risk of exposure to later life adversity, which then accumulates in a dose-response manner; hence, the concept of ''allostatic load '' (McEwen, 1998) .
In the remainder of this NeuroView, I juxtapose two very different forms of adversity-in one, children are deprived of expected experiences (i.e., experiences that all members of the species can generally take for granted, such as access to patterned light, complex auditory input, and caregiving); in the other, children are overwhelmed by various forms of both biological and psychosocial adversity.
Children Who Are Neglected
The developmental needs of young children are simple. Initially, they require someone to feed them, talk to them, and stimulate them. But more important than any of these things, they need someone to make a psychological investment in them. As they get older, children's needs become more complex, but this most basic need persists. The return on the parenting investment is considerable for the child, for the parental figure, and, finally, for society. The majority of children The red line in illustrates more rapid erosion of telomere length among the ever-institutionalized children compared to children who have never been in an institution. Reproduced from Humphreys et al. (2016) . Accelerated telomere shortening: tracking the lasting impact of early institutional care at the cellular level.
in whom adults have invested their care and attention grow up to form healthy relationships with others, to hold down jobs, and to contribute meaningfully to society.
Of the many forms of psychosocial adversity that can impact children's development, perhaps the most egregious is child neglect. This is because of the experience-dependent nature of postnatal brain development. If the brain fails to receive the experiences it expects, particularly during a critical period, development will be compromised. Children raised in institutions after being orphaned or abandoned experience the most insidious form of neglect. UNICEF currently estimates that there are approximately 140 million parentless children around the world, 8 million of whom live in institutions. Recent work by a number of scientists has documented that both brain and biological development are terribly and often irreparably compromised by early institutional rearing.
Since 2000, Nathan Fox, Charles Zeanah, and I have been conducting a randomized, controlled trial of high-quality foster care as an intervention for early institutionalization in Bucharest, Romania (Nelson et al., 2014) . 136 children abandoned at or around the time of birth were studied extensively as infants, and half were then randomly assigned to a high-quality foster care program while the others were randomly assigned to remain in care as usual (institutional care). We recruited an additional sample of 72 never-institutionalized infants to serve as an in-country comparison sample. We have followed these three groups of children for the past 16 years. We have demonstrated that children assigned to the care as usual group (continued institutional care) show delays and deficits in nearly every domain we have examined-their IQs hover in the 70s, they suffer from deficits in executive functions, they show profound disturbances in social-emotional development, and they experience a high rate of mental health problems, particularly in externalizing behaviors like attention-deficit hyperactivity disorder (ADHD). In terms of their brain development, these children show greatly reduced brain activity (as inferred from the electroencephalogram; EEG; see Figure 1 ), reduced gray and white matter volume (inferred from magnetic resonance imaging; MRI), and reduced integrity of white matter fibers (inferred from diffusion tensor imaging; DTI). In addition, they show profound The various types of hazards children in our sample are exposed to include (clockwise, from top left) open sewers, cooking with wood or coal, and unpaved roads, which, along with cooking with wood or coal, contributes to air pollution. dysregulation of their stress response (autonomic and HPA axis) systems. Finally, in terms of biological development, they show more accelerated erosion of telomeres (see Figure 2) .
In contrast to the care as usual group, those randomly assigned to foster care show great gains, at least in most of the domains we have examined. For example, they have higher IQs, improved social-emotional development, fewer mental health challenges, greater EEG power (see Figure 1) , and a more typical response to stress. There are two important observations to note, however. First, there were domains in which we did not detect an intervention effect-for example, children in foster care still have poor executive functions and the same high rates of ADHD (20%) as the institutionalized children. Second, many of the domains in which we see an intervention effect are regulated by critical periods; specifically, children placed before 2 years of age (although the precise inflection point varies by domain) have better outcomes than those placed after 2 years of age.
Collectively, neglecting the brain early in life can have disastrous short-and longterm consequences. However, these effects can be reversed if the neglect is short lived and the child is placed into a good family early in life.
Children Exposed to Multiple and Overlapping Types of Adversity
Neuroscientists have historically examined how experience impacts the developing brain by either manipulating experience (e.g., depriving the brain of visual experience) or by studying so-called ''accidents of nature,'' whereby a child is unable to benefit from experience (e.g., an infant born with dense cataracts or with profound hearing loss; e.g., Sinha, 2016) . However, such selective rearing studies fail to capture the lives of tens of millions of children around the world who are exposed to multiple types of both biological and psychosocial adversity. An example of such ''broad-spectrum'' adversity is the children my colleagues and I are studying in an urban slum in Dhaka, Bangladesh. Here, children from an early age are malnourished (because of both food scarcity and chronic enteric disease), have high levels of inflammation, and are exposed to high levels of water and air pollution. At the same time, 30% of these children have mothers who are depressed, 30% have mothers who experience domestic violence, and very few infants have mothers who have received more than 4 years of formal education. Understanding the impact such adversity has on brain development is daunting for two reasons. First, how does one deploy sophisticated neuroimaging tools in a very low-resource setting? Second, how does one tease apart the many variables that potentially impact children's development?
To address these goals, we have created a modern neuroimaging facility in a slum in Dhaka, Bangladesh (see Figure 3 ). This includes high-density EEG and event-related potentials (ERPs), high-density functional near infrared spectroscopy (fNIRS), and MRI (including both resting state MRI and diffusion-weighted imaging; see Figure 4 ). We are studying a group of 6 month olds and a group of 36 month olds, all of whom have provided bio specimens (allowing us to look at a variety of inflammatory markers, epigenetic changes, etc.). Data collection has been completed on these cohorts, and we are now studying these children a second time, following the 6 month olds when they turn 2 years old and the 36 month olds when they turn 5 years old. Our data analysis plan is to examine the association between our many biological and psychosocial variables and our imaging data.
Preliminary inspection of our 6-and 36-month data reveals a few very consistent patterns. First, across our multiple measures, we are seeing relatively few effects of adversity at 6 months; by contrast, at 36 months, we see that stunting, inflammation, and quality of family care all negatively moderate our EEG and fNIRS effects. This suggests that the effects of adversity are taking some time to accumulate, which in turn suggests that we have an opportunity to intervene in the first few years of life (although when the critical period closes is unknown). Second, of the subset of 6 month olds on whom MRIs were performed at 2-3 months (during quiet sleep), we see that infants who are stunted show reduced whole-brain volume, reduced resting-state connectivity (e.g., in the visual network), and reduced white matter integrity.
Conclusions
There are tens of millions of children around the world who experience profound adversity early in life, including those who are being deprived of the essential experiences that drive healthy brain development. Importantly, the outcomes of the neglected child likely differ from the child who is exposed to adversity but is not neglected. Be that as it may, even in the first months of life we The child shown in the image on the top is undergoing our fNIRS testing; the child on the bottom is undergoing our EEG testing using a system that permits the recording from 128 channels of EEG.
can see how such exposures impact the developing brain and, in turn, impact behavior. What is more concerning than the proximal effects my colleagues and I and others have observed are the possible distal effects-thus, for example, will the children we are seeing in Bangladesh experience a higher rate of physical and mental health challenges and will their cognitive development be limited, which in turn may limit their eventual school success? We already know from our work in Romania that unless children are removed from deprived environments early in life, there are lasting and most likely permanent effects on development. These observations drive home a final point: if we want children to live up to their developmental potential and to lead meaningful lives, we must afford them that opportunity by limiting their exposure to adversity; we must ensure that their brains receive the types of experiences that foster healthy brain development (and at the right times in development); and we must be mindful of the fact that deviations from the expectable environment during critical periods of development can lead to particularly egregious outcomes.
